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ABSTRACT

S~~vc~n  si tils ioi- rCIC:/~ pcnctration  studies are dtiscribcd. The
1!~~~ilti~~ll.S a11rl  phvsical rock propcrtics are presented and a rock classi-
I’iL’:it  ioll  system  ;.s 11sed  to classify all of the sites.
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SUMMARY

‘The  descriptio:l  and location of seven sites for use in the Sandia
Rock Penetration program are given. Physical properties of intact rock
sarnplcs  from these targets are presented and an appendix giving more
detailed data such as test-boring logs and thin-sample analyses is in-
c llldfd . ‘I’hc  Rock Classification system which was adopted for this pro-
f;rarn  i s cxplaincd and all of the rock targets are categorized within
this  systc1:1.
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PHYSICAL PROPERTIES AND CLASSIFICATION OF
SEVEN TYPES OF ROCK TARGETS

Introduction
,

The need for a method of classifying and defining a particular
rock  rargcr h a s  been recognized s ince  the  f i r s t  rock  penetrat i on  tes t
was conducted a t  t h e Tonopah Test Range (TTR) in early 1966. ?c h e l p
i n  sclcc:tLrlg ;1 su i tab le  c lass i f i ca t i on  sys tem,  a  l i t e ra ture  search  was
concluctctcl to  review  as  many  ex i s t ing  sys tems  as  poss ib l e . This  repor t
tlc:f:i.ncs the rock  c lass i f i ca t i on  sys tem that  w i l l  be  used  on  the  Estmark*
IJlm(.)iJ,rillll  alItI  p resents the phys i ca l  r o ck  proper ty  data  co l l e c ted  f rom a l l
(Ii  thcl rock s i t e s  used t o  d a t e .

Hock  C lass i f i ca t i on

AI!  i.Ini)orL;lnt lesson learned from the earth penetration program is
thca ntxcc*:‘sity  o f  clcfining the phys i ca l  proper t i es  o f  the  so i l  pene-
t l-atc‘cl. Il~~c;lllsl~ soi 1  proper t i e s  w i th in  a  g iven  so i l  depos i t  a re  e r ra t i c ,
i t I~C~C;~IIIC t)c’c‘l’:;:;; 11-y Lol.\>crform ex tens ive  pos t - t e s t  exp lo ra t i on  in  the
i.rnrnc~cl ia t ts i.i.ll)ac t ai-c’;i . This experience pointed up the necessity for a
sui tat)l~~ classilicat:ion or definition of the rock penetrated in Estmark
tests .

A I  1 rock  format:ions, t o  sc):n(’ d e g r e e , have  phys i ca l  d i s cont inu i t i e s
SilCll ilS  jo i.llts , fa11lts, or bedding planes (Figure 1). Deere and Xiller2
:;t;1t, Cll;lt  CIlC. strc~n~~tl~  and dclformntion  characteristics of a rock mass
;1 I'( 5 i~~Il\~c~llcc~(l I,c)tt~  I>y thcx phys i ca l  p roper t i e s  o f  the  in tac t  b l o cks  o f
l-ol~lc ;111(1  Ily  LI~(,  nrlml)c~t- and n a t u r e  o f  discontjcuitics b o u n d i n g  t h e  indi-
v i (ILI;I 1 I)  t 0c.k:: . ‘I’ll L’ rl)scsarch  of Deere and Miller was focused on the
~)II!-:; i c’;! I III*O~I(*I'L  i C’S o 1 i rltact rock. They conducted physical classifi-
(‘iI  1 1 iIll  I l's1 s 011  c.IJ1-c' s;llllplcs t:hat were macroscopically homogeneous and
I_ l-f’,’ it-(lrll t 1-;lc'  L II l-1’:;  ) joirlts, and scams , to obtain numerical results
I~niwIl ;is i 11~1~~~ ~~~-c~l~~~~‘t i c’s. ‘I’l~cy  cone luded  ~hnt ik:tact ro ck  cou ld  be
S i I L i. 5 1‘;)c’lol.i I!’ c.lil.ssi  ii.c)kl o n  tllc, basis o f  i t s :;I:rc‘nl;th  a n d  deformation
~~l~;~i~:~cL~~i~i:;L  its. ‘l’;llJl<’ I  , iI rc~production  o f  ‘t’ablr  h.1  f r o m  Deere a n d
>I i 1 1 c\ 1‘ I s “1:.1i~:iri~~(~1-ili~; Cl;lssificnticrn and Index Proper t i es  f o r  In tac t
K~~c~li (” i 5 il s111!1111;11‘\'  0 I t lanai r  \~~-~~p~7sc~d  c lass i f i ca t i on .

t i c s  in  the  ro ck  f o rmat
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Deere3 presents one method for defining these discontfnuitlcs. HLS
method presents a Rock Quality Designation (RQD),  RQD values are deter-
mined in the following manner: The continuous core sample is examined
to determine the length of all pieces of solid unfractured core over
4 irIches. This sum, called the Modified Core Recovery, is then divided
by the total core run and is multiplied by 100 ercent  to determine the
RQD  . Table II4 gives a description of rock qua ityP related to the RQD
number.

TO  describe the rock penetrated, the Estmark program will use  the
classification system of Deere and Miller and the RQD of Deere. I t  i s
be l i eved  that , at the present state of the art in rock classification,
these two systems will best define the rock penetrated in Estmark tests.

Test  S i tes

Seven rock sites have been investigated for Estmnrk tests. Pcnc -
tration tests have been conducted in five of these sites and the phys-
ical rock properties of all sites have been examined. Table  I I I  prt’scnts
the  data  co l l e c ted  f rom these  s i tes . The Appendix prcscnts r1l1 o I ’  the
test-boring records and thin-sample analyses available on  the sLtt\s.
The sample numbers in Table III are cross referenced with the snrnplc
numbers of the Appendix.

Loca t i on  and  C lass i f i ca t i on
o f  Test  S i tes

Tres Hermanos Sandstone

This test site is on the Putncy Mesa near Grants, NW  Mexico,
10 miles south of Highway 66 (I-40) and adjacent to State Hlghwoy  117.

A comprehensive report on the geologic and rock propcrtfcH  of this IIIC’~I
can be four,d in Reference 5. From average proncrties  this  site*  is
c lass i f i ed  as  a  l ow-s t rength  ro ck ;  DL ;  RQD - 22 to  37  (Bet-  Table8  I ,
I I ,  a n d  I I I ) .

Zuni Granite

This  s i te  i s  near  Paxton  S p r i n g s  i n  t h e  Cranta  aren. 5  Clafiaifi-
c a t i o n : DH;  RQD a 30.

Thirsty Canyon, Welded Tuff

This  s i te  i s  on  t h e  T o n o p a h  T e s t  Range  (‘ITR).  A  map showing  lte
location is given in the Ap endix as Mt. Helen, Rock Site No. 1.
Class i f i ca t i on : !IDL;RQD-  8 .

Tuff, Ante l ope  Targe t

T h i s  s i t e  i s  a t  TTR. A map showing  its l o c a t i o n  1~ gfvcn  i n  the
Appendix as Antelope, Rock Sltc No. 2, C l a s s i f i c a t i o n :  EL;  RQD  - 50.

6



Welded AgRlomerate,  Cactus Peak Tarp&

This site is at TTR, approximately 7 miies due west of the land-
ing strip. Classification: D; RQD = 60.

Dacite

This rock is found on the edge of the Welded Agglomerate target.
Classification: C; RQD not determined.

Amqhibolite,  Beale APB

A map showing the location of this site is given in the Appendix.
Classification: BH; RQD not determined.

Madera Limestone, White Sands Missile Range

This site is south-east of Socorro, New Mexico, on the North
Oscura Site of WSMR. Classification: CH; RQD not determined.

The above RQD values were determined from only two or three core
samples from each  area. It is believed that the values are representa-
tive of the site in general but it is recommended that more core samples
he taken in all of the sites except the Putney Mesa area.

Soil ovcrhurtlcn  exists to some degree on all of the above rock
sites. The thickness of the soil layer varies from 1 to 3 feet (Fig-
III-C  2) ; however, c~xposcd rock also exists to some degree in all of the

Cone lusions

‘l’h  l! tarb;ct  description and rock classification given in this
:-c>port i-eprescant  simplv a first step in establishing a classification
I Ililt:  c’;~:I  t)(b  us(:d to cic‘finc tllc material penetrated in Estmark tests.
A:; tlji :; pL’“gl‘;llIl  p’-“cc’c”1s  ) refinements will be incorporated to improve
;~ntl  c Larify thl> culnssi  ficatinn. One of the objectives of the EstmarX
ITI-O~:I-~IIII  w i 11 I>c LLJ  rclat:e  penetrability to KQD. It is hoped that this
~t;is:;i  I-ication will simplify communications within the laboratories

r nc~ rock sites arises.
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TABLE I
(After Deere and Mller)*

Engineering Classification For
Intact Rock

I. On Basis of Strength .

Uniaxial
Compressive

Class DescriptFon

A Very high strength Over 32,000
B High strength 16,000-32,000
C Yedium  strength 8,000-16,000
D Low strength 4,000~3,000
E VK:ry  low SLrtjngth Less than 4,000

II, 9n Basis of ZodylL!s  Ratio

Class Descrt?tion Modulus Rc\ti.o'

H High modulus rati. Over 500
Average modulus ratio 200-500

L Low modulus ratio Less than 200

Classify rock as B, BH, BL, etc.

*Modulus ratio = E t'na  (ultimate)

where Et = tangent modulus at 50 percent ultimate
strength;

(7 ii = uniaxial compressive strength

TABLE 11
(After Dccrc)3p4

Rock Quality Designatfon

Rock Quality Description of
Designation Rock Quality

O-25 Very poor
25-50 Poor
50-75 Fair
75-90 Good
90-100 Excellent

10



TAF5LE  III

Physical Rock Properties

Reek DeSCriDtiOn
anJ I.ocai'ion

1
Unconfined Tangent

Depth of Dry Compressive Fiodulus  at
Sample Smple Densit.

I)
50% s 106 Poisson S

Nuzber (ft) _ (1b:ft ( p s i ) RaCio -

Trc:s tierr.ano.5 Sanistcxe;
Srants, .'iebd Xexico
(Samples taken fro3
penetratiorl  test.
Sites 120-103, 120-
and 120-112)

A 7.0 133.9 6000 0.770 O.lY
B 8.5 133.1 5840 0.816 0.19
D 14.5 134.3 3310

104, E 15.0 137.7 5250 0.8?0 0.18
I 16.0 143.5
J 16.5 141.4 5970 0.358 0.22

0 2.0 133.0 6380 2.000 0.21 .-
P 9.5 132.3 7920 2.300
R 11.0 132.6 9550
S 12.0 144.1 5740 0.736 0.2Q

Zuni Granite; Grants, K 9.5 160.3 5470 3.300
New Mexico L 12.0 159.9 5440

Y 13.0 166.5 7960 7.000 0.20

N 14.0 165.9
Thirsty Canyon Welded I-LB 8.3 122.7 8770 1.550 0.10

Tuff; Mount Helen 1.200 t
Target, Tonopah Test

l-1c 11.0 115.8 7120 0)CJJ?,Range, Tonopah, Nevada 1-1D 11.5 116.9 a3tit-4
I-1E 16.6 113.4 5490 0.960 $2

l-2A 4.0 112.2 5520 0 . 8 9 0 I
1-z 8.0 110.0 4140 0.210 0.10

(continued on next page)



1 - X 5.2 114.0 4680 0.820 cl-5E 10.5 110.3 2480 0.430 0.10
t

TABLE IIT
(Con!:inuedj

Unconfined Tangent
Depth of Dry Compressive Modulus

Rock Description SCClple Sample Densi Strength 50% x 10iF Poisson's
and Location !Guntber (ft> (lb/ft 5J (psi) (psi.) Ratio

Thirsty Canyon Welded I-3A 2.1 112.1 A420 0.800 0.10
Tuff; Flaunt Helen
Target, Tonopah Test l-3B 4.5 107.9 3870

0.660
tRange, Tonopah, Nevada l-3c 8.8 79.8 1660 0.260.

(continued) sl-4A 4.4 117.1 6900 0.970 r(cu
l-4B 9.0 115.7 5520 0.810 >
l-4D 14.4 119.1 304c 0.880 %I
l-4F 18.3 117.2 8560 1.050 2
l-5B 4.2 642 2

8 I

Tuf f; Antelope Target,
Tonopah Test Range,
Tonapah. Nevada

2-U 0.6 104.6 2480 0.35 0.10,

2-18 6.3 64002-1BB 10.3 104.1 3060 0.49 t,
2-1D 13.3 103.1 208!)

3
.,- 0.28_ _ _ r(

2-a 5.8 99.8 2210 0.45 5-.- - !
2-2c 14.2 99.7

, 2-2E 23.2 97.7
2-3A 6.0 93.7
2-3B 8.5 95.5

, 2-3D 13.3 96.7

(concinced  on next page)



TAELE III
(Continued)

1 II i'nconfined Tangent
DE-7th  of COTlFSeSSiVC Stodulus
Sx.ple ! et-d I-J i: ;x. 3 e 5 c r 1-7." : i c Ti ; y;; Densi v

5
Strength 50‘2 s 10 Poisson's

and Locat it3I-i ii 1 (lb ft ) psi (psi) Ratio
I

TuLCf;  Ari:r-loye  Target, . 2.32--?n 93.; 1410 0.27 0.10
'ionopa:? Test Rage, 2-i3 3.A 97.s 1830 0.39Tonopa'-i  , :;c;?ada t
(contin-e6) 2-SC ,1.9 97.s 1670 0.40 CJxu\a 3

f z-5; , 0.0 2790 44- -, ,; 2
b -1 7.3 98.7 2620 0.51 (d

2-5C 11.8 94.2 2070 0.45 i
2-5D 15.8 100.0 2640 0.51 ,O.lO

Welded Xzeloxrate; 3-1B 5.5 116.9 3030 0.65 0.20
Cactus Peak Target,
Tonopah Test Range, 3-1c !2.5 118.7 5500 1.11 t
Tonopah, Nevada 3-1D 13.7 121.4 %a

3-1E 15.3 123.2 3860 0.85 z!

Dacite;
25

Edge of Cactus DR A-l Surface 11+7.a 11660 2.80
Peak Target DR B-l Surface 147.9 12600 2.75

1 148.6
I

DR A-3 Surface 10340 2.20 0.20
Amphibolite;  Beale Surface 182.4 19100 13.20 0.25

Air Force Base,
California

Madera  Limestone; White 1 2.0 172.4 14200
Sands Missile Range,
North Oscura Site, 2 2.0 168.3 15000
New Mexico (samples 3 2.0 166.9 15200
taken from

7
enetration

Test 120-12 ) 4 2.0 171.0 12200
5 I 2.0 -; 167.6 15700

(contip*aed  on next page) - -



T.4BLE I.11
(Continued)

Enconfined Tangent
Depth of Dry Compressive !-lodulus

Rock Description i Sanple Sample Densi
5y

Strenrth 50% x 102' Poisson's
a n d  LOCat iOil I Sur?.bcr (it)L (lb/ft (psi (psi) Ratio _

?Iadera  Limestone: White 6 2.0 168.1 11600 11.36 0.32
Sands ?lissile  Range, 0.31Barth Oscura Site, 7 2.0 168.2 14500 11.76
Sew blcsico (smples I 8 I 2.0 167.6 14500 12.75 0.33
taken fro- penetrationTest 130-127) 9 2.0 137GO
(continued) 10 Surface 163.4 10300 2.0

,
.

. . -* .*
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APPENDIX

Test-Boring Records
and

Thtn-Sample Analyses

This appe:~dFx  contains selected data reproduced directly from
reports submitted to Sandia Laboratories by Woodwnrd-Clyde-Shcrard
and Associates under Contracts 48-3575  and 48-5915.



Job h’o. : S- 10500 Date : February 24, 1967

Name: Hard Rock Site - Sandstone Location : Grants, New Mexico

Hole : 120-  103 Type of Boring: Core (nx) Rig: Failing 1500

Description

Sandy soi 1 overburden

(not tested)

Sandstone, dense to very dense, fine-Brained, fractured,
1” t o  3” fragments, brown to light brown

s

6

massive sandstone with minor jointing

incrcnscd  j o ints

bottom of core bndlv fractured --idI

55%

100%

60% \

RQD

n
32.2?

WOOOWARD.C~YDE~~ITERARD  b A S S O C I A T E S

Bottom of core

Page 3



x 100 x 40

-QUARTZ.  .  .  .  .  .  00%  of specimen; grains arc cquant  ,  suhangu
2nd  n e a r l y  i n  p o i n t - t o - p o i n t  c o n t a c t .

1,1r,

L -CHALCI~UONY.  .  20%  of specimen; well cemcntcci i n  l o c a l  tones  but
- - - - -  d i s c o n t i n u o u s  i n  o t h e r s ; p o s s i b l e  c3lcitc  traces.

-  FELDSPAR.. . . 10% of Specimen; c longated microcl inc rind  n!t)lrc
crystals  showing soft ,  corroded out  1  incs.

VOIDS.. . . . . . 10%  o f  s p e c i m e n .- -

Note..  ,  .  .  .  ,  .!linor quart2  grain cracking is vvidcnt. llowc  VC’  r )- - -
m o s t  crachs f o l l o w  g r a i n  bound;lr.i~~  and  o c c u r I II
t hc cha  lccdony  .

to



TEST BORING RECORD

Job No,  : S-10500 Date : February 24, 1967

Name: fiard Rock Site - Sandstone Location : Grants, New Mexico

tiole : 120-11: Type of Boring: Core 0-d Rig: Failing 1500

Description
---_
w overburden

w, medium to fine-grained, sugary texture,
light brown, moderately fractured

Depth Sa.
ft. No.

1.

2,o

3
h i g h l y  f r a c t u r e d  - - -  .- - - - - - - - -F

4

}lighly  frncturcd---- - - - -  --A

6

7

s h a l y  p a r t i n g s  i n  s a n d s t o n e  - - -  - - -

--.

_Snn#stonc, fine-grained, sugary texture, light g. P
brown , massive 10

11, R

_--- .-_.- bottom of core
12 s

%
Rec.

75%

80%

67%

100%

100%

ROD

36.84

P a g e  25

\VOODWAR3.  C LYDE.  SHERARD  6 ASSOCIATES



SAMPLti  s - SANDS’WNL;  THIN-SEC’TIWN

,-QUARTZ......... 60-70%  o f  spec imen ;  gra ins  a re  equant  t o  e l o n g a t e ,
angular  to  subangular .

-FELDSPAR...... .Albite and microcline comprise about 101 of specimen.
Gra ins  a re  tabular,’with o n e  g o o d  a n d  one impcrfcct
clevage su r face  ev iden t . Gra in  boundar ies  have
some corrosion.

x 100 x 40

CHALCEDONY..... About 15% of sample. Very  few la rge , wholly ccmcntcd
areas  in  the spec imen .

VOIDS.......... and unknown minerals ,  about  5%. Voids  a r e  f i  llcd
with  balsam. Very few vo ids  a rc  ev iden t .

Note........... Thi s  s ec t i on  i s  a  dense , closely  packed quclrt  zosc
sands tone  wi th  few voids  and appnrcnt ly  a  very
competent cementing material. L i t t l e  i f  a n y  grain
c o r r o s i o n  e x i s t s .



TEST BORING RECORD

Job No. : S-10500 Date: February 2 3, 1967

Name: Hard Rock Site - Granite Location : Grants, New Mexico

Ilole : 120- 106 Type of Boring: Core (nx) Rig: Failing 1500

Description
be’ th Sa. %

Pt. No, Rec .

soi 1 and cobbles

possible clay seam in rock/-
-----

- ( 1
3

b a d l y  f r a c t u r e d  -  -  -  -  -  -  -  -  -  -

wenthcred/-------- --w “I

18

---I9

t-iOO%-m

K

fractures  1” t o  3” a p a r t 1 0

c --I
1 1 88%

12 L

13' 95%
' M

14 N 1 lOOi

bottom of core

Page 18

ROD

31.8%

WOODWARD.CLYDE  SHERARD b ASSOCIATES



QUARTZ.. .

-  FELDSPARS

+IRCON..  .

GRANITE

. ,

SAMPLE L - THIN-SECTION

x 40

. . . 4 0 %  o f  t h i n - s e c t i o n ;  g r a i n s  ;)I+(’  ~tln;ill ,  <*t/lh;llit

* . . Albi tc  about  10% of spcc imc>n ; ;1:\,1  tl' twl1111lII,:
- -
prominent.

promlncnt.

. . About 5%; i n d i v i d u a l  c
l’cldspars.

* . 1 5 %  o f  spccimcn; vein’
product .

VOIDS.. . . . *. . About  10% of  specimen.

Note., . . , . , . . .The quart=. grains are s l i g h t  ly corrode-J  0f1
b o u n d a r i e s  w i t h  evidence o f  ! ill(: hair 110~
c r a c k s  a c r o s s  l a r g e  grain>. I hc f c I d’b/)il  I ‘I
;iT’e  severely  COrrodcJ  alor)): C  lt:;IVil)!c  ‘..lll lib  1.

a n d  g r a i n  b o u n d a r i e s . Cry!,t  31  1’r;riturt:a. ,I;~~)c:.I~
o f f s e t , a n d  rehcalcd.
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TEST BORING RECORD

.iob  No.  :

Name :

Li>Cat  ion:

Ilolc  N o . :

Rig:

S-11d76

Mt. Helen Site

N+, Set 3 4 ,  T4S,

1-l

Remmil  No .  4

‘l’ypc  o f  b o r i n g : NX Core

I);1  tc I)r  i 1 led  : 19 May 1967

%
Rec.

1 0 0 %

RemarksRQD

lh~o~iii  ‘1‘111i‘  - -  I’heJlocrysts  O f
Tt1:irtZ  YXTK- fe ldspar,  g lassy
~~~~o~ir~dm;iss,  pumice lapilli
sc;\ttcretl  throughout core,
IIO ~ractur’cs,  h a r d ,  b r i t t l e ,
<I  r>’  ) 13  i nk  i sh gray.

2

3L4 T
5 -

6 - i7
L89 -,

90%

r indicates
locat ion  o f  th in
section.

1 0 0 %

98%

90%

static Test

static Test
Iynamic Test

1 o-l

1 1

12 :

*13 TT

14-i
15- l

stat ic  Test

18 ’  Eas ier  drillin
than material
above.

16
17

L10  -

F i g .  8

31



Mt. Helen Site Al-1A

iFeldspar:
I  Sanidine

--___  Plagioclase  :

flcrnblendc :

Magnctitc:

Qunr: 2:

Voids:

Fractures :

1 5 %  o f  t h i n  s e c t i o n ;  p h e n o c r y s t s  a r c
large a n d  b a d l y  b r o k e n ,  m a r g i n s  arc
a l t e r e d  tc c p i d o t e .
5 %  o f  t h i n  section; albitc  t w i n n i n g
ccmmon, g r a i n  m a r g i n s  hlk;Illy altcrcd  t o
chlorite-group  minerals.

2 %  o f  t h i n  s e c t i o n ;  m o s t  g r a i n s  a r c
al tcred  on margins.

1 %  o f  t h i n  s e c t i o n ;  c r y s t a l s  a r c  W C
formed but small.

ll-

7 2 %  o f  t h i n - s e c t i o n ;  v o l c a n i c  glass ilnd

p h c n o c r y s t s  o f  g r a n u l a r  q u a r t z ,  a n g u l a r
phcnocrysts  exhibit shat  tc rcd  corners,
quartz  present 3s c n v i  t y  f  i  11 ing, compressed
pumice lnpi  11 i conmon.

5% of  th in  section; some  CilVit ic5 partirrlly
f i l l e d . P l u c k i n g  constitutes  a m i n o r
f r a c t i o n  o f  the v o i d s .

Well dcfincd  f r a c t u r e s  c u t  a c r o s s
phcnocrys  t s a n d  kroundmass  ; thcrc  i s
evidcncr;  o f  fracture  heal ing.’

Fig. 1 1



Mt. Helen Site 1-1D

1:~  1 tlsp;l  r :
-------0  r t hoc 1 a :ic

Ilol-Ill~1cndc~  :. ..

q11;1  rt :. :

/’c 5% of thin section; Carlsbad twinning
common ; phenocrysts  up  to  l/8-inch  in
length,  g ra ins :;everely  fractured with
some offset of boundaries.

I
I Tract, phenocrysts are altered, and there
/ is  l i t t le  ev idence  o f  crystal  s tructures .

78% of thin section; few large quartz
phcnocrysts present.

l’bl~ll i i‘c’ 1,;11)  i I 1 i : . . . .- I 1 0 %  of  thin  sect ion;  lapilli  composed of
quartz, clasts arc highly compressed.

\‘o i (1 5  : 7% of thin section; intergranular voids
most common.

l’!‘;IL‘t  lll”“S  : This section was removed from a tested
and failed  sample, but there were no
more fractures than in the untested
sample.

Fig. 12



bit.  Helen  Si te  El-1D

I Feldspar:

!

Orthoclase:

tlornSlcndc  :

5% o f  t h in  section; alb i tc  twinning  prcscnt  ,
grtiins  arc  bad ly  f rac tu red .
2% of  th in  section; gra ins  a rc  very
small, type dc t e rminn t ion  d i f f i cu l t .

T races  o f  a l t e red  ho rnb lende  scattcrcd
throughout  section.

43iotitc:

Magnet i tc :

- - Quartz :

l’oids:

Fractures:

Trace ; bo th  hornblende  and  biotitc  c o m p r i s e
abou t  1% o f  t h in  s ec t ion .

1% o f  r ock ;  poo r ly  dcfincd  c r y s t a l s ,
opaque  to  l i gh t .

90% o f  t h in  s ec t i on ;  abou t  20% o f  qua r t z
i s  i n  t h e  f o r m  o f  pumice  l a p i l l i .

1% of  th in  s e c t i o n ;  m o s t  o f  the voids
a re i n  the f o r m  o f  p a r t i a l l y  filled
cavit ies .

Two dominant  sets  o f  f r ac tu r e s  wh ich
arc  mutua l ly  pcrpcndicu la r ,  no  fracture
hea l ing  cv idcn t .

f:ig.  1 3



TEST BORING RECORD

.Job No.  : S-11076

Same : M t .  H e l e n  S i t e

Locaticn:  N$, S e c .  3 4 ,  T4S,  R47E

tlolc No. : 1-2

Rig : Remmil No. 4

‘I’ypc  o f  B o r i n g : NX Core

I)atc !)ri l l e d : 18 May 1967

_.__ ---- ._____  -_-__~-.-.__
--.--:----;-ii

1)~:scr~ption

_ _ . . . __
:hyo 1 i t i c ‘1’Il  f f -

d (\uartz TYiir-K-
g ro11ndm;Iss  , p
SC-;I  t t I’  rctl t Ii r
1‘racturrc,  h a
p i n k i s h  gr;~y.

I-----

-  Phcnocrysts  o f +
I I-LAA

fcldspnr,  g l a s s y  c
umicc lapilli 4-
oughout  core,  f e w  5 I-IA
rd, brittle, dry -  T

71

8 ‘-z4
nk i sh brown - - - - -9  ‘-a  T-L-

%
Ret,

100%

1 0 0 %

9 7 %

1 0 0 %

0 %

-

.

:

RQD Remarks

8 3 %

S t a t i c  T e s t

S t a t i c  T e s t

S t a t i c  T e s t
8 ’ 9” : D r i l l s

e a s i e r  t h a n
above .

Water  loss

T  i n d i c a t e s  t h i n
s e c t i o n  s o u r c e



Mt. Helen Site Bl-2A

Feldspar:L- Orthoc  lase :

I’lag ioc

- Pyroxenc:

- Q u a r t z :

1llSC

Rock fragments:

Voids :

Fractures :

.-

.A

7% of  th in  sect ion ;  badly  fracturctl,
h igh ly  a l tered, some  form inc lus ions
in quartz phenocrysts; intergrowths
of crystals common.
3% of  thin  sect ion;  very  s,nall,  h igh ly
xltcrcd  grains .

1% of thin section; may he hornblende,
fragments are too  smal l  for  idcnt i f i cnt ion .

79% of  th in  sect ion ;  var iet ies  o f  quartz
present  are  chalcedony,  t r idymitc ,
cr istobnl i tc , and granular quartz. Pumice
lapi l l i  const i tute about 10% of section;.
these  a r c  compressed  i n t o  clongntc  f e a t u r e s .

5% o f  th in  sect ion ; mineral content not
ident i f iable , poss ib ly  basalt ic .

5% of  thin  sect ion;  formed  by  incomplete
cav i ty  f i l l ing ; some plucking cvidcnt.

No dominant fractures, but individual
grains badly broken.

Fig.  1 6



Mt. Helen Site Bl-2C

5% of  thin  sect ion;  f ractured
phenocrysts, some boundary
alteration evident, phenocrysts
appear to be loose in the pumiceous
matrix.
2% of thin section; phenocrysts are
altered.

3% o f  th in  sect ion ;  mater ia l  i s  h ighly
altered. Some magnetite is present.

87% of  thin  sect ion ;  crystal  quartz
present, granular quartz present as
cavity growths.

3% of thin section; some plucking of
grains  i s  ev ident .

All phenocrysts are highly fractured,
compaction zones are present around
grains.

Fig. 17



TEST BORING RECORD

Description

!hyolitic  Tuf f  - -  Phcnocrysts  o f
quartz  %-d-K-feldspar,  g lassy
groundmass, pumice lnpilli
scattered throughout core,
hard,  br i t t le ,  dry ,  p inkish
gray.
Highly fractured,
reddish.

iand  - - Dense, coarse  t o  medium
graincti,  angular ,  h igh ly
weather-cd  t u f f ,  m o i s t ,  g r a y
brown to red.

-----
Rottom  o f  llolc

2 94

30  -43 1

I ?-

I b-

3 5-
--.

Job No. : S-11076

Name : Mt.  Helen Si te

Type of Boring: NX  Core

Date Dri l led: 19 May  1967

0
Ret RQD

1 0 0 %

--

Rema  x-k s

StiltiC

Static

Static

h’a  t c r

Test

loss

Test

I’cs t



TEST BORING RECORD

Job So. : S-11076

Same: Mt. Helen Site

Location: N$,  S e c .  3 4 ,  T4S,

llole  No. : 1-4

Rig: Remmil No. 4

‘I’ypc  o f  Ijoring  : NX Core

II;I tc Dr  i 1 led : 20 May 1967

R47E

---_--..---  _-_  _. .-.-.

J)cscrlpt ion
D e p t h  Sa. %
f t . No. Rec. RQD Remarks

I
. ..~. _-. ---_---.-- --

hyolitic Tuff  - -  Phenocryzts  o f
q u a r t z  ZK-feldspar,  g l a s s y  c
gr~oundrnass  , purr-’ e l a p i l l i  4- ,-+”
sc;lttcrc>d  througrlout  c o r e ,  n o  5
fr:ictllrcs,  very  h a r d ,  b r i t t l e ,  c

cl 1‘)’  , iI i nkish gray. ?-
8-
9- T

10 ‘-+’

14

1 2

13 -
1 4

s

15 -

1 6

___ - _ - -.- ---
Rottom o f  llole 2 2

7 21

2 3

2 4

2 5

2 64

3  3 -

3 b-

3 j-

I I

IT indicates thin
sect ion  locat ion .

9 8 %
Stat ic  Test

I I

I
1 0 0 %

98% Stat ic  Test

Stat ic  Test

F i g .  20



Mt.  t!elen S i t e  A l - 4 B

F e l d s p a r :
O r t h o c l a s e : J

I

I
L-  Plngioclasc:

II

p--d lornblendc  6 Biotite:

- Q u a r t , :

Rock  Fragments:

Voids:

F r a c t u r e s :

2 %  o f  t h i n  section;  few p h c n o c r y s t s ,
s m a l l  i m p e r f e c t  CryStillS,  b a d l y
f r a c t u r e d .
1 0 %  o f  t h i n  s e c t i o n ;  phcnoirysts
o c c u r  a s  c l o t s  i n  r o c k ,  h i g h l y
n l t c r c d  a n d  u n u s u a l l y  intcrmixcd
w i t h  other  m i n e r a l s .

8 %  o f  t h i n  s e c t i o n ;  p h c n o c r y s t s  a r e
mixed w i t h  plagioclasc crystills.
M a g n e t i t e  i s  u n i f o r m l y  dist rihutctl
throughout sample.

78%  o f  rhin s e c t i o n ; few l;irgc p h c n o c r y s t s ,
p u m i c e  l a p i l l i  constitute,;  ;lbout 3 0 %
o f  volume,  p u m i c e  f r a g m e n t s  are high ly
CQidprCSscd.

S m a l l  f r a g m e n t s  o f  f i n e  graincd  r o c k  a r c
scattered  u n i f o r m l y  t h r o u g h o u t  sample.

2 %  o f  t h i n  section;  p l u c k i n g  i s
n e g l i g i b l e .

One  p r i n c i p a l  f r a c t u r e  d i r e c t i o n .

F i g .  2 3

4 0



TEST BORING RECORD

Job No.: S- 11076

Same : Mt. Helen Site

Location: N+, S e c .  3 4 ,  T4S, R47E

Hole No. : l-5

Rig : Remmil No. 4

Type  o f  Bor ing : NX Core

Date  D r i l l e d : 19 May 1967

-.--
I--/’  c*

thyolitic ‘I’uff  - -  P h e n o c r y s t s  o f  c- -
-  qu;lrt z XK-feldspar,  g l a s s y  -j-3:

gr’o~~n(lri~;~:;s~  pumice lapilli a T
sc‘z  t terccl  throughout core,  few
f I’;I~  t III‘(‘S  , h:trtl, dry, pinkish
g I’ll”  .

e-4

%
Ret q

9 9 %

9 6 %

9 - l

\;~kctl  So;1  - -  s o f t ,  friable,
------J-~-y  !. K--  ,---(. r;l\’  .___ ._^.  - - - -

Hot  tom o f  Ilole

Be

RQD

1 0 0 %

--

50%

Remarks

T  indicates  th in
sect ion  locat ion .

Stat ic  Test
Stat ic  Test
Dynamic Test

Stat ic  Test

Water loss



Mt. Helen Site  Al -SB

FCldSpNY

Orthoclnsc: ----

I
L

Plagioclnsc:-

Quartz:

Rock Fragments :

Voids:

Fracture!;

/’

/’

5% of  thin  sect ion ;  phcnocrysts  ilrc
badly  f ractured ,  no  ev idence  o f
a l terat ion  o f  gra ins .
10% of  thin  sect ion ;  large  phcnocrysts
arc  badly  fractured  and  altered.

83% of  thin  sect ion ;  5%  arc  large
phcnocrysts  and the  rest  i s  granular
quartz, chalcedony, cr istobnl  itc, nnd
tr idymite . 20% of thin see t ion composed
o f  pumice  l a p i l l i .

Trace, numerous s m a l l  fragments  visihlo.

2% of  th in  section; voids arc uni formlv
distr ibuted  throughout  sample.

Several  f r a c t u r e  planes  a r c ’  present.
Phcnocryst fractures  arc common.

Fig. 27



M t .  H e l e n  S i t e  Al-!tE

I’

Ort  h5clase: -.I 5% of  ,thin  sect ion ;  broad range  o f
phcnocryst  s izes ,  badly  f ractured.
3% of  th in  sect ion ;  badly  f ractured
and altered, some voids contain
res idues  o f  complete ly  altered
plagioc lase  phenocrysts .

II~~~~r~l~l~~~~~lc~  t; Riotitc: 7% of  th in  sect ion ;  large  phenocrysts ,
h ighly  a l tered .

65% of  th in  sect ion ;  some large
phenocrysts, sample predominantly
gr’anular  quar tz . 40% of sample is
undeformed pumice lapilli.

l;oih  I:I~<I,~IIIL‘II  t  5 : Trace ; small and fine-grained fragments.

\‘(I  i (1;  : 20% of  th in  sect ion ;  very  l i t t le
plucking, some pumice ground out of
th in  sect ion .

Large phenocrysts are  h ighly  f ractured ,
compression zones present in matrix
around phenocrysts. Thin  sect ion
indicates that rock mass was very
gaseous when deposited.

F i g .  25

4’
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TEST BORING RECORD

Job No. : S-11076

Name : A n t e l o p e  S i t e

L o c a t i o n : S!:,  S e c .  2 6 ,  T3S, R48E

Hole No. : 2-1

Rig : Kcmmil  N o .  4

Type  o f  B o r i n g : NX  C o r e

D a t e  D r i l l e d : 16 blay 196 7

-- --.____ -...-  _-_------.-_

Lescrlptlon

---
Dept
f t .

m ;i s s , n umc r 0 us p um i cc 1 n p i 1 1 i ,
brittle, f,rriy.

Zone o f  s o f t  b l a c k  pumice e-ea - - - -

Unwelded t o  s l i g h t l y  wclclcd,
incrc.2scd pumice  i n c l u s i o n . + .

I1  7 , 1-11
1  I)

419

2 0

2 1
~-  -_.-- -__---~-.--c

2 2
i’,ottom o f  llolc -32 3.

2c

-iI
K e c RQD

0 5  1

(33%

94%

St iit  ic ‘I’cst

St ;I t i c ‘f’cas  t

WiltCr  105s
I)yn;lm  i c‘ ‘I’rs t
Static  ‘I’cst

‘T indiCiltCS t h i n
;cbc:t  i o n  loc;‘t  i o n



ANTELOPE SITE A2-1C

Feldspar:
.___.._  - _- 1’1 agioclasc:

Ilornblcnde :-----J

Qtia r t 2  : --- _._..  --- - -

1: rat t II I’C  s :

10% o f  t h in  s ec t i on ;  on ly  i den t i f i ab l e
f e ld spa r  p r e sen t .

Trace ; phenocrys t s  a re  bad ly  b roken
in to  need le - l i ke  f r agmen t s ,  g r a in
d i s t r i b u t i o n  i n d i c a t e s  flowage a f t e r
c r y s t a l l i z a t i o n .

Trace ; t o t a l  amoun t  o f  b io t i t e  and
hornb lende  amoun t s  to  abou t  5% of  th in
s e c t i o n .

75% o f  t h in  s ec t i on ;  i nc ludes  volcanic
glass  shards  and  pumice  f ragments ,
pl-,cnocrysts o f  qua r t z  compr i se  abou t  20%
cf t h i n  s e c t i o n .

Trace ; magne t i t e  o r  ch lo r i t i zed  hornb lende
a n d  b i o t i t e .

15% o f  t h in  s ec t i on  a r ea ;  abou t  4% o f
v o i d s  a r c  t h e  r e s u l t  o f  p l u c k i n g  o f
p h e n o c r y s t s .

KJ  dominan t  f r ac tu re  p l anes  p resen t ;
phenocrys t s  a re  bad ly  sha t t e red ,  the
groundmass  a round  phenocrys t s  i s
compressed.

F ig .  37



Job No. : S-11076

Name: A n t e l o p e  S i t e

L o c a t i o n : S+,  S e c .  2 6 ,  T3S, R48E

Hole  No. : 2-2

Rig : Remmil  No.  4

T y p e  o f  B o r i n g : NX Core

D a t e  D:illcd: 17 May 1967

_-..-

Descript ion

<
Sa .
No.

‘ u f f  - - P o o r l y  welded, few s m a l l- -
p h e n o c r y s t s  o f  plagioclase
fe ldspar, g l a s s y  g r o u n d m a s s ,
m a n y  p u m i c e  lapilli, b r i t t l e ,
g r a y .

_-_--  ----  ----  ‘r<

‘uff- ---un-G-ldcd) more pumice
Tlnpilli present.

1 7

31 6

19-I

t

, I&

Bottom o f  Hole IZ-

3 3-.

RQD

789

- -

o---_--e

Kcmnrhs

i nd i i n t c 5 t il i n
;cct :on locat  i o n .
1 . 5  H o o t s  i n  c o r e .

itilt  iC  l’r\St

itat ic ‘I’cst
inter l o s s  i n
Irilling.

Iynamic T c s  t
Gtilt  i c  TCSt



ANTELOPE SITE BZ-2A

Fe  1 d s p a r :
Plagioc

-1lornblendc:

I- --Hiot i tc :

- - -  Quart  z :

5%  o f  th in  sect ion ;  magnet i te  and sphene
appear to be present.

Voitis: 10% o f  th in  sect ion  area .

t actures:

25% of  th in  sect ion ;  phenocrysts  are
badly shattered, albite  twinning is
prominent.

3% of  th in  sect ion ;  phenocrysts  are
altered on boundaries and badly broken,
some grains  are  Smm  in  l ength .

2% o f  th in  sect ion ;  hexagonal  p lates ,
incomplete ly  formed,  are  scattered
randomly throughout tilin  section.

55% of  thin  sect ion;  15% of  sect ion is
composed o f  phenocrysts ,  vo lcanic  g lass
and pumice lapi l l i  comprise  the
remaining percentage.

No major fractures in the groundmass,
minor  phenocryst  f ractur ing  i s  ev ident .

Fig. 41
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.Job  S o . S-11076

TEST BORING RECORD

I
-

Same  :

Location:

liolc  N o . :

Rig:

Antelope Site

SG, Sec. 2 6 ,  T3S, R48E

2-3

Remmi.1 N o .  4

‘I‘ypc’  o f  Bor ing : NX  Core

i)d  t e i)ri 1 led: 17 May  1967

_._  --.__--..  _-__-.-_-------- - - - - -.

Ucscrl.ption
%

Rec. RQD R e m a r k s

-. _. ..___  -_-..--.  ..--.  _--------
’

/ T  indicates  th inYuff - -  J’oorly  welded,  few smallII-
l~1~1~;ioc1asc  c r y s t a l s ,  g l a s s y
grou~~tlrnass  , m a n y  pumice
i 211 i 1 1 i ;~nd rock fragments ,
1)ri  ttlc,  gray.

sect ion  locat ion .

Stat ic  Test

8 7 %

3 3-l
34--1
3 s-4- - - - - I L

Stat ic  Test
Dynamic Test

Stat ic  Test



/’

\

\

I:? ldsp;1r-: !
I

- - - - -  I’1  ;k):  i oc 1  ;lt;c  :

Q 11  n I’ t z : -- ~_  .-. _. J

\‘o  i ds : _-

t:r:1c-t  lII’l‘3 :

ANTELOPr:  S I T E B!-3A



ANTELOPE SITE B2-  30

/

Vc  ldspar  :
I~l;~giocla:~~  :-

Ilornl)Icndc  :

[jiot  i tc:  ____._.  - -._- -

10% of  th in  sect ion ;  phenocrysts  are
small and exhibit numerous inter-growths
o f  c r y s t a l s , a l terat ion  o f  gra in  boundar ies
is  extensive , albi te twinning common.

8% o f  th in  sect ion ;  gra in  s izes  h ighly
var iab le .

21  o f  t h i n  s e c t i o n ; small fragments are
randomly scattered throughout thin section.

70% of  th in  sect ion ;  quartz  phenocrysts
contain inclusions of hornblende and
plagioc lase .

1% uf th in  sect ion ; mineral composition
of f ine-grained fragments  not  ident i f ied .

9% of  th in  sect ion  area ;  pumice  lapi l l i
contain  most  o f  vo ids .

No fractures are evident through the
groundmass ; phenocrysts are highly
fractured.

F i g .  47



TEST BORING RECORD

Job No.  : S-11076

Name : A n t e l o p e  S i t e

Locat  i o n : S%, Sec . 2 6 ,  T3S, R4SE

Hcle  No.  : 2-4

Rig : Rcmmil  No.  4

Type  o f  soring: NS  C o r e

D a t e  D r i l l e d : 1s My  1 9 6 7

--------

D e s c r i p t i o n

Poor1
c  pum i

few  p
sy g r o

w i t h

y WC1
c c  l a

cd to unwelded,
illi present,
last c r y s t a l s ,
s ,  b r,ittlc,
pumic c ,

T u f f  - -
l a x - g

vc ry
glas
grab

lagio
undmn
whi tc

E 4ra meats.
rc, t lncrcasc pumice

VCT)’  s o f t and f r;lc t urcd N - e - -

2  5

3
2 6

2 7

2i

2 9

1

30

I 1



1: e 1 d 5  pa  r :
._ _ _ I)l:igioclnsc:

II0 1.111, 1 C‘IIliC :------ -- ---

ANTELOPE SITE AZ-4A

20% of  th in  sect ion ;  large ,  badly  shattered
phenocrysts are abundant, albite  twinning

[jioti  tc :- __ ..__.--  _.-. -

common.

5%  o f  thin  sect ion;  a l tered crystal .
fragments are randomly scattered
throughout thin section.

Trace  ; up to  1% of  thin  sect ion,  rock
appears  to  have  a  ‘ sa l t  and pepper ’
texture because of biotite and hornblende
content.

60% of  thin  sect ion;  5% of  sect ion is
composed of quartz phenocrysts, pumice
lapi l l i  forms remaining 60% of section.

15% o f  th in  sect ion  area ;  porous
pumice fragments contain most of the
voids .

So  f ractures  are  v is ib le  in  the  ground-
Ill;1 s s ; phenocrysts are extens ive ly  shattered .

Fig.  SO



TEST BORISG  RECORD

S-11076

San;e  : A n t e l o p e  S i  tc

Lor-nt  i o n : S!,  , See.  26,  T3S, !IJSli

Iiole S o .  : 2-S

_  ._ . . _ _ ----- .--.-

Ii0  t t 01n 0 t- I io 1 C’1
----- -~ _.-.

3:1
2

1I
I9

+!5>
L---.  -- -  .____._d”  ._.- 1 ,.



ANTELOPE SITE A2-SB

.

30% of  thin  sect ion ;  albite  twinning is
common, phenocrysts  are  h ighly  a l tered .

7% of thin s>ction;  hornblende
intergrowths in feldspar are common.

3% of  thin  sect ion ;  f lakes  are  large
and well-developed, a l terat ion  o f  gra in
margins  i s  extens ive .

53% of  thin sect ion;  the  few small
phenocrys ts are scattered throughout
the  th in  sect ion .

7% of  tn in  sect ion  area ;  the  s ize  o f  the
vo id  var ies  great ly .

The groundmass does not exhibit any
fracture  pattern .

Fig.  5 3



TEST BORING RECORD

Job No. :

Name : C a c t u s  P e a k  S i t e

L o c a t i o n : s+,  s e c . 9 ,  TZS,  R46E

Hole  No. : 3-l

Rig : Remmil  No.  4

T y p e  :>f aoring: .‘;X C o r e

D a t e  D r i l l e d : 20 May 1967
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CACTUS PEAK SITE - A3-1A

I
I

: i-.

I’l;lgioclasc:

Ilornb 1 cndc  : ----.- --A

Hiot i 1~:

1: I’ ;1 c t 11 1‘  C’ s :

10:  o f  th in  sect ion ;  h ighly  a l tered ;  gas
pockets ,  which appear  to  contain  crystal
growths (possibly  zeol i tes ) ,  are  present
within some phenocrysts.
5% o f  th in  sect ion ; albite  twinning needed to
dist inguish  p iagioc lase  f rom orthoc lase .

3% of  th in  sect ion ;  a l terat ion  halos
present  on  a lmost  a l l  grains .

2% o f  th in  sect ion ; b iot i te  i s  uni formly
scattered throughout sample.

60’?  o f  t h i n  s e c t i o n ., 15% of section
composed  o f  pumice  iapilli,  phenocrysts
arc large and badly shattered.

3% o f  th in  sect ion ;  very  f ine  grained.

2% of  th in  sect ion ;  poss ib ly  magnet i te .

15% of thin section area; some plucking
is  ev ident ,

l’hrcc  dist inct  sets  o f  f ractures  are  seen
in the thin section; the groundmass
exhib i ts  es tens ive  crushing .



TONOPAH  DACITE - SAMPLE  A

L- - - - Q u a r t z

/”
Fcidspar:

Orthoc ”
P i:  ! - t h i n  s e c t i o n ; (1:11-l  sb;~d t w i n n i n g
common , phcnocrysts  s 1 ight ly xl t (*rl*d
marl: ins .
o f  t.hin s e c t i o n ;  ;llbitl* twinnlnx is

ma i n i ndicntor o f  rniri(*r;~  1 ,  more  ;I 1: r’r(-d
t h a n  orthoclasc.

Chlorite Croup: 3 %  o f  t h i n  section.

F r a c t u r e s

8 0 %  o f  t h i n  s e c t i o n ;  much  01’  the
v o l c a n i c  glass h a s  dcvi  t  ri !‘icd,  some
s i l i c a  vcinlcts are  visitlIt* iut t irig
t h r o u g h  the f e l d s p a r  cry%t ;I 1 s.

5% o f  t h i n  s e c t i o n ;  poh:,~t)ly  rn;lgrlct i  t(+.

2 %  o f  t h i n  s e c t i o n  arc;{;  t h i n  s(bction
and h a n d  spccimcn c x h  i  hi t  ;I 11 igh ticgrcc
o f  welding.

Most  o f  l a r g e  cryst;lls  ;Ir(*  sh;lttcr(bd;
n o  c r a c k i n g  c a n  bc z,ccn  111  the ~roundm;lss.



TONOPAH DACITE - SAMPLE B

ldspar:
Orthoclase  :- - - l

Plagioclase:

Chlori tc group:

Quartz

0 1’ n q u  c Mi  ncral :

llornblcndc  :

Voids:

FI’;IC  t ures  :

10% of  thin  sect ion;  Carlsbad twins  are
abundant, phenocrysts are badly fractured.
7% of  thin  sect ion;  albito  twinning  can
be  seen in  most  p lagioc lase  phenocrysts ,
grains arc highly altered on margins.

1% o f  th in  sect ion .

5% of  th in  sect ion ;  a l terat ion  halos
around some of the feldspar and
hornblende phenocrysts.

75% of thin section; the quartz mass
appears extremely well welded; the pumice
lapilli  are  compressed and recrystal l ized .

2% of  thin  sect ion;  wel l  developed
crystals  o f  magnet i te .

1% of  th in  sect ion  area ;  rock  has  been
welded to an extreme compact mass.

Very  few fractures  are  seen in  the
groundmass.
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--Plagiocl:isc:

Qua  I-t  L  :

Ej,idote:

Sphcne  :

Amj,hibol i  t c  T h i n  Sect  ion
Hcalc-Si  t c  2



SAMPLE WSMR  - MADERA  LIMESTONE

x 40 Photo 2

L C a 1 C: i t c : 7  0% o f  th in-sect ion ; takes  the form of
fornminifera casts and small rhombohedral
cryst.als; some traces  o f  aragonite  (unstable
c a l c i t e ) .

2% o f  th in-sect ion ; smal l  detr ida l  gra ins
finely disseminated throughout sample.

5% or  more  o f  thin-sect ion;  a  few crystal
fragments; high1.y var iab le  in  s ize .

10% (?) o f  th in-sect ion ;  extremely  d i f f i cul t
to  d i f ferent iate  from calc i te ;  do lomite
appears  to  l ine  vo ids ;  crysta ls  are  much
more  transparent  than ca lc i te .

c 13  )’ :

i’oids:

3% of  th in-sect ion ; causes  the  thin-sect ion
to  be  bro\inish  in  co lor  and  rather  opaque  to
l ight .

10% or  less  o f  thin-sect ion;  vo ids  form
zones of weakness.
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